tors like antibiotic exposure modulate susceptibility, infection control efforts aimed at reducing contact with infectious spores are critical to prevent nosocomial transmission. [2] [3] [4] [5] During hospitalization, patients visit many procedural and diagnostic common areas, presenting opportunities for contact with contaminated surfaces. However, these potential exposures are not typically captured in analyses evaluating disease transmission. 6 Electronic health record (EHR) data allow us to track patients in time and space, but these data are not typically leveraged for infection control quality improvement efforts. We evaluated whether using a room within 24 hours of a patient with CDI was associated with increased risk of CDI in specific areas across our hospital.
Methods | We analyzed EHR data from all adult hospitalizations in a large university hospital between January 2013 and December 2015. Patients with CDI were considered C difficile positive from the time the positive test was ordered until hospital discharge. Spaces were considered potentially contaminated for 24 hours after a patient with CDI visited them. All hospitalized patients who had not yet tested positive for CDI and passed through a space while it was potentially contaminated were considered exposed to C difficile, while patients who occupied the same space at any other time served as the unexposed control group. Patients were followed for 60 days from the time they passed through a given space for development of CDI, after allowing a 24-hour incubation period during which time the occurrence of CDI was deemed unrelated to exposure. Clostridium difficile infection was defined as a positive laboratory test for C difficile (toxin immunoassay or glutamate dehydrogenase antigen plus confirmatory polymerase chain reaction), obtained when the patient was either an inpatient or outpatient in our system. Logistic regression with clustering by patient was used to calculate odds ratios (ORs) for developing CDI of exposed vs unexposed individuals who passed through the same space. Patients with CDI during the prior year were excluded. Covariates included age, sex, antibiotic use, number of location changes, length of stay, proton pump inhibitor use, inflammatory bowel disease, and prior hospitalization (within 90 days). This study was approved by the University of California institutional review board, waiving written informed consent.
Results | There were 86 648 adult hospitalizations and 434 745 patient location changes within the hospital during the study period. There were 1152 cases of laboratory-documented CDI (overall incidence, 1.3%). The CDI-positive patients moved through a mean (SD) 4.2 (4.0) hospital locations, potentially contaminating those spaces (Figure 1) .
Exposure and risk of subsequent CDI varied across locations ( Figure 2 ). Being exposed to CDI in the computed tomography scanner in the emergency department (CT-ED) was significantly associated with the development of CDI (incidence, 4%; OR, 2.5; 95% CI, 1.2-5.2). This effect remained significant (OR, 2.7; 95% CI, 1.3-5.7) after adjustment for covariates and The number of exposures in a given area of the hospital is represented by the size of each box. The risk of developing CDI if exposed is indicated by (1) the color of each box; (2) the percentage reported; and (3) explicitly as the fraction of CDI occurrences among exposed patients for each location. While room-level data were collected, outcomes for individual patient rooms were analyzed at the level of the nursing unit. Analyses for each area exclude individuals who were exposed elsewhere in the hospital. Compared with the hospitalwide overall CDI incidence of 1.3%, shaded locations had increased risk of disease among exposed patients.
Only the emergency department (ED) computed tomographic (CT) scanner (CT-ED) met statistical significance in adjusted analyses (incidence, 4%; OR, 2.5; 95% CI, 1.2-5.2). BMT indicates bone-marrow transplant area; Card cath, cardiac catheterization suite; CT-1 and CT-2, CT scanner suites; Echo, echocardiogram area; ICU, intensive care unit; IR, interventional radiology; Med, any of multiple specified medicine units; MRI-1 and MRI-2, magnetic resonance imaging suites; Msk, musculoskeletal unit; Neuro-1 and Neuro-2, neurology units; OR, operating rooms; TCU, transitional care unit.
Letters in sensitivity analyses extending the incubation period to 72 hours (OR, 2.8; 95% CI, 1.2-6.3). Trends in other areas did not reach statistical significance, and the effect was not significant in an adjusted hospitalwide analysis. Subsequent investigation revealed that cleaning practices for the scanner table of the CT-ED had not yet been updated to match the standardized methods applied in other radiology suites.
Discussion | In a large university hospital, passing through the CT-ED within 24 hours after a patient with C difficile had been there was associated with increased risk of developing CDI. Our novel analytic methods identified a previously undiscovered opportunity for real-world practice change. We continue to monitor the success of improved cleaning practices implemented as a result of this study. Leveraging EHR data for spatial and temporal analytics may be a widely applicable strategy for infection control and quality improvement at other institutions and for other infectious diseases.
